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NATIONAL ADVISOny COMl'.rrr:rEE FOn AERONAurICS 

TECHNICAL IvtEl-10RANDUM NO . 1106 

A RfJ.1-JET ENGINE FOR FIGIITERS~~ 

By E. Sa~ger and I. Bredt 

A. CIIARAC.TERISTICS OF TFIE HI GH -TEMPJl.1RATURE JE~.r TUBE 

I 
The po'\'Ter pl ant proposed. in 1913 by Rene Lorin cons;ists , as 

is known, of 0 LLy one flow channel desiGned i n such a '!tray that t he 
continHously inflovinc; a.ir contrary to tl e ell.rection of fli Ght is 
first s loi'jed dOim and damme u:;), then heat ed and a ccel era·t,ed beyond 
the inflOl-T velocity at the Qischarc:e orifice . 

In the pres ent paper the s:peciflc assumptions are made t hat 
the l aG occurs in a frustum-shaped. diffuser of 100 included angle j 
that at its end fuela a r e added. t o the a ir; t lat the combust ion , 
then tekes place in a cylj.nc1rica l combustion chami)er, hence at 
i ncreasing combustion gas velocitJ and decreasi.ng combu.stion gas 
preSS1.1Te; and lastly; that the combustion Gas is c.i schargecl t hrough 
a conical e:x;pansion nozzle, so that the '!tThole motor a ssumes t he 
shape of a pitot t ube whi ch henceforth inll be ca110o.. jet tube for 
short. 

This design along vdth several pressure, temperature , and 
velocity conditions a t a certain operational state are represented 
in fiQ.1Te 1. 

1. Approximate Calculation of Thrunt, Performance, 

Fuel Consumption; and Efficiency 

The subsequent appr y..imate c"'lculation of t e jet tube permits 
a quick and fairly accurate accoUllt of t he func.a;nenta l character­
i stics of the jet tube as a power lmit and rests on the apprOximate 
assumptions t hat t he incoming a':'r s slowed dO\m to zero speed., that 
the mas s of t he aO.ded fuels is negligible co~pared to the ill s s ~ 

* 'Uber einen Loril antrieb fl 'r St l'ahljager . II Deutsche Forschung­
sanstalt fii.r Segelflug E .V., Ernst Udet, Ainring, Oberbayern, 1943; 
Deutsche Luftfahrtfo:;.~schung, Untersuchunc,en l.md Mitteil1.msen, 
Nr . 3509 . Published by Z . '1.B. , Berl in-Adl ershof . 
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air ) that no flow 1083es occur in the j et t ube, and t hat the sped-fie 
heat befOl"e and, after cOi.Jlbustion is the ·same . 

The thl~ust P as the vectorial SUll of a ll excess ~rGssuxes of 
I 

the gas on the inside surfa ce of the tune is then : 

where 

Fl 

Pl 

v1 

v4 

T2 J TJ 

( 1) 

cros8~sectional area of inflow, m.et ers2 

2 l" densi ty, ki10gl.'am··seconds - per mete:.~· 

speed of in.flovrine.; aJr, met81A S per second 

s peed of outflov:ing cornlJ1..lStion 138ses 

absolut e stac;nution t emperntm"e s of j,nflmv.:i,ns and outflowing 
medium 

TheBe staGll.ation t omper a-t;ur<:}s f011m·[ from the enerGY e quc:tion 
at 

an(i 

where 

A 

c 
l' 

r(1 . .1. 3 = 
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mechanica l eqUiva lent of hoat , kca1/kf)n ' 

gr'8vi t ational ' a ccelel~at1on) meters per second2 

specific heat of 138 SGS at cons tant pressu"'e ) 1f;.ca1 / kgO 
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The heat j.nput Q( in keal/ see ) required to I)l~ooUCe this thrust 
is 

, . 

Since with aerod.ynamicaJ.l y correct arrangement the 1'ly1113 speed v 
is about eClual to v l' the offiCi.eney of ·the entiTe pover unit can 

be expressed as : 

(2) 

A = 
and. 

This efficiency is r epr esented in fi SJUJ:'8S 2 and 4 for 
1/427 kcal/kgzn, Cn = 0 .28 lccal/krl, !]\ '= 2 G8~~ and 2l6.50:K, 

2 .l:' 

g = 9 . .81 m/sec . . 

Both the thrust and the efficiency of tho .jet tube therefore 
increase 8S the SCluare of the flyinc; speed. 

In consequence, the thl~ust can be rep~esentect b~r a propulsive 
efficiency cy referred to the maximuDl cJ.' os s ~s ectional area 1~3: 

'rhese propulsive ef ficiencies of t.he j et tube also are Sh01VIl 
numerically in fi £)ures 3 and 5 for 'J\ '= 288°K and 2l6.50K and 

for the value FlfF3 = 0 .16 chosen after t est experiences . Several 
Cv values obta ined by accurate calculation (chapter A2 ) also ,,,ere 

included . The added fuel mass involved. ef f ects, beca use of the 
necessary en..lar z.;ement of F4/Fl ~ an lnC'i.'o8 F3e in Cv amounting to 
about 11 percent at the hieb temperotlll'e r

. ; t .e considered variation 
of ~he' ; c1') a. fvrther increase by a )Oltl 3' pe-i'cent l·ri tho'ut both 

'. . 
influences causing any material. cha.n,;e of ·- cp over v. . The 

finite quant:!.ty of F2 idth F2 = 6 .251\ insteao_ of F2 = c, 
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t aken into account in the ey..act calculation. of -the thrust ind.uces 
a decrease in ey' with increasine; y owin:-3 to the comprcsf3iblli ty, 

that is, the l atter effect acts a Gainst the other t "lO in such a 1·~ay 
that the absolute mac;ni tud.e of t he Cv is fairl;f "''1'011 conf irm.ed 

by the 8pproximatl oll: but its variation , mod.erate OJ' itself, d.acreases 
,vlth v or even reverses at high temperatures . 

l-astly, the fuel consumption i n ·kilogl"ams per second tOll thrust 
can be s impl;;- eXpressed .. lith 

B= .~--= 
10 -.3pH 

Av ----
10 "3T1TI 

H denotes the heat va l ue in kcel(kg). 

( 4) 

This value is also incJ. lC1ed in fi cures 2 ' am~. 4 on the assump­
tion of Tl ::: 288%, TJ. <:: 21.6 .5'1r, and. II = 10',000 l{cal/lqs ' 

. FiGures 6 and '7 shm,r the maximum thrust 
p 

F2 ]'3 

maximum thTUSt horsepm·rer Pv/T5F 2 p er meter s2 of maximum, eross­

sectiona l area of jet tube ,vl th the respective fuel cons1.llllption B 
and. eff:Lcienc~r T) for stoichiometric hydrocar pon ccmbustion on the 
basis of E: = 10; 000 keal/kg; Fl[F2 = 0 . 16; cp = 0 . ] 0 ; 

(T3 - T2 ) ;:: 2060
0 and stanc1.arc1. atmosphere ~or ell altitudes of 

flight and. flyin::.; speeds 'in question. 

The effect of flylng spe ed. enc1 altitude on thTus t , tb.J.'ust 
horsepo''1'er, f1.1.el consumption, aur eI'ficiency of the hi c.~h -teta:'perature 
jet tU[J e is readilJ apparent fr om these diaO'8 . .ms . 

2. Accurate Calculation of 'G11e ' J et Tube 

Th e exact check of the flOi·, I)r~c e88 :Ln the jet tube has the 
double purpose of verifyinG the !lCCi.U'L1CY of t he approximate calcu­
lation f or thrust, power, fuel con8pmJ)tion~ and. efficiE?DCY and of 
se.c'lJ.TinC data on the desi gn of the jet tube and t he 'luanti ties of 
state of the Gases in the tube . 
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It is accomplished with the e~uatlon of energy, the momentum 
t heorem, the continuity r elatio!l and e~mtlon of state with a llowance 
for the added fuel ma sses, the variation of the specific heats and 
t he adiabat1c exponents in respect to temperature and mixtUJ:'e com­
position, as well a.s the actual maximum cross soctions of t he tube, 
hence vlit h the follov.rin€s relations : BetvTeen Fl and F2 the 
equation of energy is 

-T A 2 -T A 2 cp 1 + ---vI = CD I) + - v2 
28 . 1 Co 28 

e~uation of continuity 

o~uation of phase change 

between F2 end F 3 the e~uation of ener gy is 

moment tun theorem 

equation of continuity 
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egouation of statoe 

)' 'r 2 2 

l)etueen F ") and Fl~ the eCluation of enerc-y 
.J 

f T3 
cp dT 

A 2 _ r 14 
cp dT + --v3 

JT=O 
2 J 

- JT=O 
, 

continnit~r r e l ation 

equation of phase chan£;e ° 

( whereby Pi c1.enotes the parti al preSS11l~e8, 

istic temperatlITeS of H2O) C02 , N2 , anQ 

Equation of state 
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is 

A 2 
-I- -v~ 

2g ° 

Gi t he character­

°2) . 

The f l ow losses, heat losses , effect3 of di ssociation, and 
incompl ete combustion not taken care of by the ca lculation are 
eva:j..uated separ'at el y; 80 , vrhile t he exact c.ale l a ti on off ers no 

I 

fundamental diffi cv~tie s , t he paper i-lOrk i nvolved :i.s considel'able 
c ompar ed. to t he npp::o:oxima t e methocl ; and t he General r epresentability 
of the results i n closed form is l ost . 

- - - - - - - - - -
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Only for the exact calculation of the propulsion coeffi ~ 

cients Cv = P/9J'2 can closed f ormulas be c,'iven in t wo specific 
limitin8 cases. One of t hese refers to the pTacticall~r unimportant 
loW' flyinB speed where the flm, can be 1'e{3£:1'(leo. as incompTeSsiblej 
hence, id th f loiv 108ses disreGar ded 

f") 

~ ( F \2 F4 1 F4 (1 _ :»C -=.~ , 4 , 1 - - - F~) F2 P2 - Pl __ -..!1 P3 - Pl F2 F4,-
c = --- -v Fl Cl Flj. Cl F2 F4 1 +- 1 +- --- +-

F2 F3 F!~ F2 

If the jet tube is correctly designect, t he pro:pv~sion coeffi­
c1ent in this case can' be de[uced from surface ratios or ea s ily 
measurable exces s pressures a~(l surface ratios . i':i th F2 !Fl --)00 

and F4/F2--'::"l, Cv approaqhes the llmit value cy = 1. 

The second extreme case occurs "hen t he input energy beti·reen 
~ections F2 and F3 is exactly so @1eat that P3 = :P~: = Pl ' 

and. F 4 = F 3 '= F 2 • 

In that event 

( 5) 

( 6) 

where 

.fcx :-.. 1 ( Vl)2 x - .1 ( V2\2 . l.X:l ---.-) '+1 -1 
_ 2 ~a ______ 2 a! ' ~ ______ _ 

~ ( V~\J 
2 a 
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and 

( )
2 'J _2:... x - 1 '"2 x··J. -.--+1 

2 ,a 

With F2 /1\ -~ 00 and x:.~ 1.4 the ext·r ame value of Cv 
approaches 

: ' - '.,.. ·c·' := 
V 

~ + Mel )J3
0

5 ~ 1 
,._ ""---

2 

0.7 (:1 ) 
. , 

Restricted to', flying speeds 
local supersonic velo'ci ties , the 
tubes can at the most amount to 

sufficient input energy . 

up to via 
propuJ.sive 
Cv ::: 1.22 

::: 0 . 9 so as to avoia, 
efficiency of nozzleles s 
on the aGsumptiori of 

This second theoretically interesting l irm,tj,D:-S case of a j et 
tube 1d thout spec ia l discharGe nozzle, hence incorporatinG only 
the frustum-she.ped diffuser al).tl . the cylindr1ca l combust:l,on chamber J 

i8 represented In fi S"'I.lr.e 8, 'wiler e" the j?res8Ul'e l' i8e in t he diffuser 

(referred to Cl ::: pv2 /2) for l oss- free dif fuser f l o",," , h ence 
100-percent diffuser eff iciency J and Cv :i.s plottecL for d:l'fTe'r ent 

Mach numbers v / a independen.t of the hei@lt of energy input a Gainst 
all possible maximum cross-section ~vEnti ti es Fl !F2 . 

Using hiGh-grade hydrocarbons, such as oct ane , for fuel, the 
energy input with 658.3 kca l/kG; referred to di scharge Bas is limited 
and the t hen still possible propul sion coeffici ents themselves aTe 
limited to Cv = 0.74 for Fl/F2 == 0 .266 a t s ea l evel, and t o 

Cv ::: 0·79 for F l /F2 = 0.232 at a 12 - kilomet er a ltitude of fl:t Ght. 

Utiliz i nG other fuels} such as of l:l sht JJlet 61 eLi spersi ons, 
metal al1\:yls or light metals, such as alumillWJl or mac;nesi um i-Thich 
even burn additionally with atmospheric nHrocen, t he upper limit 
of the obta inable cv-va lues can be pushed still h i ghel '. 
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These considerations on nozzleless jet tubes are of theor etical 
interest only since tho nozzleless jet- tube a.es ien has a number of 
practical c1rai1backs cora.pa:i.'ed to the jet t.ube 'With discharge nozzle; 
for example, it does not yielct the highest possible cv-va lues, has 

greater fuel consumption, i~erior strenGth properties , and high 
cold-resistance coefficients. 

The ar8uments already indicate, ho,\"ever , hov concrete the 
assumptions l~eGarding fuel, flying height, r atio of surfaces F1 /F2J 
and s o forth, mus t be fixec.l for exact calcu1at:Lon if the connective 
data on phase g.uantities, a.esign, and perfoTmance characteristics of 
a certain ope:-cating state are to be macle . 

In the subsequent exact calGu.lation of more seriel'al conditions 
several concrete premises, inte:'.'estin (~ for the deaic;n of jet t ubes, 
must be advanced again . 

These special assumptions are chiefly as follows: 

1. T~le chosen fuel is octane) '\d. th a 10\" heat value of 
H = 10,600 kcal/kg and an air requlrel!l.ent of 15 .11 kl10[7aIDS per 
kilocralil of 1uel . The cOIlJustion 1-TaS computed for stoichiometri c 
octane-air ratio, and. for excess of air , the factor m denotes 
the multi·ole of the stoichlometric fuel-air ratio. The values 
ill =: 1.0, (). 9, 0 . 8, 0.7, and 0 .1 1-rere taken into consideration. 

In the cases of l.0 and 0 . 9 the already traceable dissociation 
of CO2 in CO and 02 was disrcga:cded. The error introduced 

into the i111favorable case of m = 1.0 and 12 ~ilameters'flyinG 
height amo1.mted to &3 =: - 1200 and caused a 0.eterioration in Cv 
by 6.cv = -0.02. 

2. The calculat.ions Here made on the assunrotion of standard 
atmosphere for 0 . 4- and 12-lcilometer altitucles . - In the choice of 
these hei ghts the height range important for the experimental tovnng 
flights played. a part. Inc ia.entally, i t shov~d be noted that, 
under otherwise identical conditions, cv ' v4' and. appropriate F 4 

are more susceptible to air temperatvxe variations Tl than to 
changes in the air pressure Pl' 

The acceleration (v4 - VI) of the air mass PIFlvl depends, 
accordi ng to eql~tion (1), not on the absolute heiGht of the heat 
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on t he ratio of Q to 

conformally to 

Thus the thrust can be r aised by ' i ncr sElSe c.1. heat input as 1'T8 11 as 
by red.uced ini tie l heat cont ent, t hat is , Imve:r' Tl . 

T~lerefore cv anet F4 .vary percepti'bly iv-Ith Tl , for equal 

ener gy i nput Q, eq'L1.81 v1 / a , and eg,u.al Pl; while a change in 

air pressure PI alone i s i neff e ctive , l'Tithin the mathematica l 

accuracy, a s far as c and F4 are concerned . v 

The increase of Cv '>lith decreasin(3 temperatnre Tl is due 

to t h e 'fact that, with Tl--} 0 uno,er othervTise constant cond.j,­
tions, the adia1)atic pres sure r ise in the d.~ffuser ( P2 - PJ.,) 

bec omes infinite . These fa cts must be borne i n mind at departures 
of the a ctua l atmosphere from t he stand.ard at mospilere . 

3 . I n the oel ection of the r atio of o.iffuser inlet area. 
to F I /F2 f our fa ctors affected by t his ratio pl ay a decis ive part. 

They are : 

The coeffici ent of propulSion cv 
The warm resis t ance coeffic ient ci.T\-T' '",hich acts a gainst Cv 
The fuel const@ption B per s econd t on of thrust J and the total 

effici ency T] 
The fresh-air velocity v2 and t he combustion- chamber charge in 

kcal per hour and cubic metel~ cti schar ge passaGe governing 
completeness of combustion, 1~e8pecti ve ly 

The most i mport ant of these quantiti es a r e r epresented in 
fi gures 9 and. 10 for the f l yi nG speecls v / a = 0 . 3 and 0 .9 
a ccordin3 to the results ' of the exact calcula t ion a Ga inst Fl /F2 

for various f l y' nB hei ghts without consideration t o the f l o'w losses: 

Th e variation of a ll four quantities for H = 12 kilometers 
and vi a = 0 . 9 i s indicate d in t he follm-Ting table ; the cvw were 
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computed from the wall frlctlon on 8 tube of. 2 . )0 meters maximUlll. 
cross-sectional diameter : 

F l /F2 Cv c",,,,, 
B v2 

(lee / sec) (ro/,e 

0 .100 0 .44:5 0 . 106 1.10 18 
.160 . 67 6 .093 1.16 29 

I 
.218 . 802 . 07L~ 1. 34 40 
.232 ·793 ' .067 1 .1j. ] 1!-3 

11 

The cv-values therefore increase consistently 'vi t h decreasing 
F 2 to a maximum near F2 :: F4' and depend on H and v . 

'rheso IllC.Xillll1mB are due to the fact tl at, for ;3iven specific 
enerGY absorption and hence given Fl , the thl~ust startin~ at 

F2 = F1 increa30s continuously l ess, so that -Ghe Cv referred 

t o F2 must J:ass through an exJvrel1le . 

Thus t he hl ::;hest cv-val .es are obt ained vi th jet tubes that 

have a sIDell di scharge nozzle 1nth, say, 10-to 20 -percent constric ­
tion of the maximum cross-sectional area . The coefficients of the 
f r ee thrust (cv - c ) l3ive a fla·tter maxtmw11. because of the ,·m 
steady decrease of C1Vi'7 ,·r.l.th increasing F J /F2 . 

But vr.i. th decreas ns F2 the fuel cons umpt 1 om:~ B themselves 

increase and especially so for F l /F2 va lues a-bove abo l.t 0 . 16, so 

that the fuel cons unption of the tube of L'!£lximum Cv is a'bout 
20 to 30 percent hiBher than that of the F1 IF2 = 0 .16 tube . 

TherGfore, if no other restrictions eXj.sted, the choice of 
F l !F2 could be ma e a ccording to the purpose of use, that is, for 

short-pe:ciod ope:-cation at highest possible thyust with STaater 
Fl/F2 values, for l onger periods ,·r.i.th ~eater c.emand on efficiency , 

,.,ith smaller F1 /F2 values . 

Actually, however, there is a 1im.i·~ation of the F l /F2 in 

the permissible fresh-atr velocity v2 and the a.i8charge passage 
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charge ' 2.5 X 1061'2 V2 !1 i n ( kca l/m3h ) (1 denotinr: the l enGt h of 

the combust ion chamber i n met ers ) . 

For the fir s t design of the experimental tubes ' a dischar s e 

duct charge of 27 ,000,000 kca l /m3h referred t o standar d densit y 
" as r egarded as a dmissi ble , i'Thich , f or stoichio1l1etl~ic combustion 
gives a sti l l permissible v2 ~ 34 . 9 m( s ec . 

At ot her a i r densities the admissi ble cLischar :;e duct char ges 
ar e pr oportional , so t hat v2 remains the same . 

From fi S'UTe 10 it is s een t hat, in t hese condi tians and "Then 
Ma ch number 0 .9 at sea le'rel i s to be reached ; F l / F2 should not 

exceed 0 .165; ,·rhi le t he cor r esponding va l ue a t 12 - kilometer f light 
a l titude amolmts to Fl iF2 = 0.190 . These da ta follow from the 
r el ation 

F or t he f urther theor et i ca l and e .xr>erimenta l invest iGations an 
F l /F2 == 0 .16 "Tas chos en . 

With these t hree a ssumptions on fuel , atmospher e s t ruct ure , 
and s urfa ce r atio F l /F2 ' the exact calculations of the jet tube 

can be carr ied out "tith floH losses d:ts r egarded . 

Figv..res 11 t o .16 conta i n t he most i mpor t ant nu.merica l data 
wi th which the cons tructor of t he j et t ube and t he exper imental 
engineer must ,·!ork . 

vl , v2' 
T4 ' at 

and for t he 

Figures 11 and 12 represent t he gas f l m'T vel ocit i es 
v3' and v4, the ga s t emperatures Tl} T2 , T3; and 
O-k:l.lomet er fli ght aUi tUde for a l l flyine; s:geeds v / a 
fue l r a tios ill == 1. 0 7 0 . 9, 0 . 8, 0 .7 , 0 .1 t he pressure i ncreases 
ref er r ed to dynamic pr essure q= pv2 /2 

= 
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the cv-values derived from it and the important quant,i ty of the 

nozzle mouth area in tl?e form of F 1 /F4 . 

13 

Fi Gures 13 and 14 cont ain the same quantitj.es for '.~~ldlometer 
fli (~ht al tHude, fibures 15 and 16 the same quanti ties for 
12-kilometer altitude . 

The more accurate jet - tube calculat~on represented here makes 
no allowance for a number of minor factors of ~potential infh~enc,e 
on the results secured, such as , Jncomplete cOl"lllmstioIl, dischar:3e 
gas dissociation, heat loss due to convecMon radiation [lnd conveC­
tion of discharge gases; ' flo", losses in diffuser and in the other 
flo"T passaGes) and' so forth . 

The various types of loss and their characteristic natvre are 
briefly d,iscussed . 

Completeness of combustion a.epends upon tl1e c0rnpJ.eteness and. 
the rapidity of the mixtv.!'e formation betvTeen fuel and fresh air, 
"Thich is reachacJ. by a very large number of ,rell-atomizing fuel 
sprays with 11igb relattve speed a ::;ainst the fresh air; 'upon the 
j,ntensi t y of the ignition effected by injection of sll1Bll quantities 
of zinc diethyl in the iUli tion zone or 03' electric sparl~ pluc:;s ; 
and upon the duration of the combuBting mixture in the combustlon 
chamber, 1"hich is assured 'by a sufficiently 10\'l d.ischarge passaGe 
charGe as ali"eady indicated for the choice of tne permissible Fl /F2' 

At high discharge temperatures the completeness of , the combus ­
t ion is, of course, ver y h1311, as manifestecl l a t er "by the dischars e 
temperature measurements; while at 10vT T3 values special construe· 

ti ve meas1-U'es, such as partia l combustion at hiJ'1 temperature and 
subsequent admixture of air , should be resortecl. t ,o . In the experi ­
mental fli ghts at 1- to 3-kilometer altitude it ranGed ahove 
70 peJ;'cent . , Altitudes above 13 kilometers elre pl"obably questionable 
owing to the decreasing completion of combustion in the thin air. 

A special form of lllcomplete combustion is presented Jy the 
thermal dissociation of the disc11ar /3e Guses at very hic,h , combustion 
temperatvx6s . It can, as alreacly stated, 'bGcome traceable in the 
cases m = 1.0 and 1 . 9, especiall by t he d.ecompos ition of CO2 
in CO and O2 and in v.nfavorable condH:!.ons, as, for e:Mlmpl e, 

at m = 1.0 and l2 - kilomet er altitude results in a temperatUre drop 
by about &3;:: 120 0 and a decrease, in 0v by I~v = 0.02 ,' 
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Of course, it is t o be e.xPected that thi s di s socia t ion a ctually 
occur s for correspondinGly hiGh c ombustion ener Gies and tn s 1)..fft ­
cientl;y hj.j:1 altitude, stnce tl1e d.1Jra ti on of the combustl on sases 

f or 10 ":'2 to 10 - 1 se cond in the cOll1msti on chamb e::..~ is sufficient f oJ.' 
t t and. a recovery of dissociation losses in the nozzle is unlilce.1;v 
o,rlng to existinG h i gh discharGe temper at1)xes and. 101·7 mean mo1ec1)~.?r 
shock factors; but for t he range of appli cation i n questio 1 t J.le 
path ran(~e of very hic;h dis charJ e temperatUl~es and at the SDll0 
t ime very 1 01., air pr essures ;L s traversed i n .s nch short p er10ds tha t 
the losses )? l ay on l y a s e condary part an(1 for t he t ime being d.o not 
warrant the substantially L;reater task of a calculation ,dth 
a110',8nce for the dissociation. 

The heat losses due to dis char ge c;as rad.iation can ·be apprOJd. ­
mated by assuminG the radia tion at about 20 p ercent of that of a 
black body of equa l t emper atur e T~ and selectines a spher:i.cal 

j 

surface of the same diameter Elf) the maximv1n cross s ecti on a s 
r adia t inG surfa ce . 

The relative heat l oss es increase :r1J.r-~heJ." \·ii th Ji'2 /F'1, s i nce 

the a bsolute radiation a t constant r te of leat flol'l i ncreDs e s 
with F2 !F l ·. , 

. By t his methocl the })1).:ce radi a tion 10s80s fi (:)VJ.~ e at about 
. ] .0 · 5 percent for T3 =: 2hooorc a t 12-1~ilometer altitude for 0 . 3 t imes 

sonj.c velocity and F2 /Fl ::: 6 .25 . 

For the ~et t ube w'ith F2 /Fl = 6 .25 · om;p l o;jicd. in t he fi ghter. · 

discussed. here t h e radiation l os ses ar e eJ..'})eeted t o avera Ge 
2. 5 percent of ·t he tota l heat in}lut a t 12-ki l omet er altitude. f or 
0 . 9 times sonic vel ocity . They !:1P})ea r for a very short perioc1. only) 
since t he t ube after completed ascen t continues i ts f l iGht ,vi th 

. greatly t hrottled combust ion and temperatures of ar o-tm~ T3::: 800'1\: , 
,,,here only about O.06 -percent radia t i on l osse s are to be expected . 

These da t a do not include the losaes lJ~r l um:i.D.oUS r adJa tion of 
t he chemica l r eaction, the fundamenta l d.a t a of ,.,hieh are stil l 
lackin~ . 

The heat losses by convection for octane cOlJibus tion in the 
s toichi ometric r a Mo ,,1'111 amount to about· one·:third. of the tempera ­
ture r adiation looses . Thi s fract ion i ncrea s es ,·iit h de crea s in[; T,} . 

.) 

J 
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By d.lff1J.ser effic1el1cy is meant the ratj.o of excess pr essure 
actuallJT l~ea cbed at t he dHf11.ser end to the ad.iaoAtic excess pres­
s ure computed 10Gsfree; the loss es due t o acc vJi1v~a·cion and separa ­
tion of' the ca s particles flowinJ slOi-rly past the wall appear in 

x 

d '; f ' It' , f " PL-=-! I p;c ireCli_on 0 inc';'eas1ng pressure . lS c..e lne0. as 
])2 - PI' 2 

tlenotes the l)ressure actuall;' r ecorded i n F2 l"elEltive to the 

pressure P2 computed oy means of the adJaoa tic l a vTs of flow . For 

the circular"conical enlarGement of t he jet-tui)e diffuser and its 
aero~ynamically smoot h inside vlalls t he diffnsor losses a r e chiefly 
dependent upon the included. an~le of the cliff'user and the flying 
speed v on t he assUI4ptioD that the sect ion of :B\ is aerodynamically 

desi§.'1eCl., so t ha t t he flO'l'T e lls t l e enttloe tl,f)e exactl y correct . 

The r el ationship be·b·reen dUf'user 1013ses and included ang.le is 
based on ~Lnvostj. cations which were confirmed 02,' personal touiIf.J 
tests and a ccortlin3 to vlhi ch t he d.iffus er efficiency first decreases 
slowly then increasj.nG.y more with increasin0 inclucted anele . 

To avoid t :!1e clrawl)ack of an excessive d5ffv.ser l en gth, a 
100 inc l uc.ed an:::;le "l'ldB chosen for t he theoretic £1 l end the eJ':peri ­
mentally t ested jet tLbe J at. value t ha t a l so represent.s the limit 
at ,,[hich the steep drop i n diffnser efficiency starts. 

"lith t his included. 8l g1e end fl~·ing speeds of around via = 0 ·3 
personal fl i Sht tests in Gottingen yieldecl; at even 10,,,er speed.s, 
the lmo'l-,71. model tests by Peters (1113 . kcchj.v, 2, p . )2, 1931), 
diffuBe~ effici enci es at SO perce.t . 

For the diffuser efficiencies at hi ~;h speed near t he Mach 
n umber 1 the ,dncL- t U.lIDe 1 tests of the Italian, .I'.ymerito (RLce.cche 
In~~ 'J No . 1 , p . 16;; 1935 ) are available, ,mo "TOl'ked ,,,Hh a diffuser 
of GO i ncluded al;l ,~\l e . AJTIleri to defined the effi c iency at 

11diff =: P2X/'2 and Cl ·lOtes a 99 ·5-percent decreDs e . in efficiency 

betw'een 228 ar..d 335 meter s per second ",hleh then continues to dr'op 
steepl;y- on 1'eachin.:::; ·bhe boundary of sonic velocity . 

At 0 · 9 times sonic e10city ai)out T} " ff = 0 . 575 'would 
eel 

accordin~ly be obtainable or 'ldiff = 0 . ~4 a ccordinG to the defini -

tion empl oyed here J when the included anc~le of t he diffuser is 60 . 
For t he eX2l orecl diffuser of 10 0 the officienc~' 'Ifill be slightly 
worse . 
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The effect of this pressure loss in 
coefficient and on the dimensions of Fl~ 

in the compressible r ange of flm-' is tho 
investiGation . 

NACA TM No . 1106 

the (Uffuser on the thrust 
in. the incompressiOle as 

object of a special 

The subject is concluded "lith a brief dj.scussion of t he loss 
due to friction of flovTinC gas at the "ralls of t he cylindrical 
combustion chamber which be comes evident in a pressure loss 

--2 
p - P x = ).. l E!.... . where p and v si :?,nify the mean density and 3 . 3 d 2 1 

mean floi·Tvelocity beti'leen F2 and F3. For the jet tube i-lith 
4-meter chamber length, 1.i· .9J. meters2 maximum cross sect"ion and 

0. 9 times sonic veloc:tty in fli cht at sea level, P3 - P3X amounts 

to Elbout 25 lcilo[,rams per meter2 or 0 ,0025 at atrn on t he assumption 
of a r esistance factor ).. = 0 .02, Tllis friction loss is of interest 
for the reason that, accord'ng to the definjtion of the thrust as 
the vectorial sum of all internal Gas excess pressures, t he result 
is a [!;ain of propu.lsion, "7hich, it is true, is more than consumed 
by the simultaneously occurrins high f rictional forces . 

3, Techni ca l Characteristics of the Hi3h-Tempe~cature J et Tube 

The outstanding technica l characteristics of t he jet tube 
described are : 

1. The stat.ic thrust is zero and practicall:r increases like 
the air forces with the square of the fli Ght speed and 1·ri th the 
root of the discharge temperature and at 300 meters per second at 
sea l evel r eael es more than 3000 kilograms per s quare meter o:f 
maxiill"1.IDl cross -sect j.onal area, corresponding to a Cv = 0 . 57, 

possible vdth stoichiometri c :hydrocarbon combu£tion . 

"2 . The static efficiency is also zero ano. increases ,.,ri th the 
square of the fli r;ht speed to reach 6 percent at 300 met ers per 
s econd in vicinity of the ground with stoichiome·t.ri c hydrocarbon 
combustion and more than 10 percent at low'er discharGe tenr'peratures. 

3· The thrust -horsepower increases aceordtnc.;l y with the third. 
pO"ler of the fli 2,ht speed. and a t 300 meters per second in grouncl 
vicinity reaches about 12,000 horsepovler per square met;er of maximum 
cross-sectional area , 

L! . • The :fuel cons1.unption per second per ton thrust drops approxi ­
mately proportionally to the reciprocal va lue of t..he increasing 
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fli ght sposc'L' to va l ues of around 1.2 ki l oc;rali18 per second. at 
300 met ers" p"er second in @'ound prbxlmi ty f or stoichiome:t:.ric 
hydrocarbon cOlllbustion and to 0.7 kil ogram per second at " low·or 
discharce temperatur es . 

5. For constant flyine; speed. at hif:..Aer fliGht 
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l evels the absollte thrus t and tl e thrust horsepower dec1~ease 
sliGhtl;y l ess thon the a i r density; pr opulsive coefficient and 
efficienc;,.', on the other itand.} incr ease owinG to the decreasing 
f~e8h-air t empera tm'e, so tha t a t stratosphere temperature even nat 
265 meters per second flight speed, propulsion values up to 0 .60 
are t o be e:h.'})ectedj ,·,hile the efflc1ency for stoichiomet r ic hydro­
carcon combustion is "around 5 percent and at 10vler discharge 
t emper atures is . IDore t han Y percent . Accordin,31y, the fuel con ­
s umption r nnCCB around 1.2 t o 0 .6" kil ograms per second. 

6 . ThJ .. ust and thrust hOl'sepmier of t he je"t:, t ube are, for 
given :fli·~;ht a lt:l.tude and fli CZht speed fr om maximum to zero, 
control lable 11y ad. justment of t he discharGe nozzle end s ection and 
the fuel injection, wi.th the ef~i ciency increasin.=; at firs t .... rith 
i ncreased. throttling . 

7 . For the desic;n of hi i~;h -po\ier 11..11its it is impor tant that 
the enlarGem.ent of t he absolute d imensions of t he device are neither 
l imited by rotating parts, such as on continuous compress or units, 
nor by nonstationary f_m·T and c 'Jmbustion pr ocesses, such as on 
periodic compl'essorless jet-pm'ler units, so t ha t UJlitS vith thrust 
horsepoliers of the ord.er of magni tud.e of five -pla ce horsepo'·ler 
fi~ures seem. feasible . 

8. Used. as air pl ane pOirer uni t the wei :.;ht per horsepower of 
t he jet tube l' efer1"eo. to maximum output i s expected at around 
0.02 kilogram per horsepOi·ler a ccordinc; to past 0..esic;n experience. 

9 . In corresponcience \.Q t h the lov structuTGl "reiGht and the 
absence of all movine; parts the outlay for mnnui'acture and. mainte ­
nance i s low and. the life eXl)ectancy great . 

10 . Since the operatinG process of the j et tube consists 
merely of a steady combustion process , t he l)o,-1e1" plane 28 very 
insusceptible to the t~;pe of fU01 employed, so that instead of 
gasoli ne even heavier hydroc81'bons as ,·1el l as SlJecial fuels, such 
as alcohol s for obta inin(;; invisible flames for night fi8hte1" use 
or metal disp .;rsions or metal elkyls for fUl~ther increa s in<:; the 
flame temperatl.:re and. hence of the propulsion eff iciency, come into 
question . 

~~--------~-------
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11. For practical flight operation the lOi·r susceptibility 
aS6inst climatic conditions, such as frost, sand, and so forth, is 
important, and so also the reacty avai l ability 'Vrithout "rarming up 
and the invulnera biHty of the entire unit. 

12. For military plITpOSeS the little noise of the jet tube at 
full operat1.on is Significant. 

B . EXPERIMENTS 

The theoretical results of the high-tenr'peratu.re jet tube Ivere 
so favorable that a quick experimental proof seemed desirable . 

In view of the increas i ng danger to the comltry by enemy 
bomber attacks the test.s \'Tere planned for irnmedi.ate appHcation to 
aircraft . Thus the time-consuming construction of statiolwry test 
stands "]8S ruled out and the tOivinJ -test method chosen. 

The l esser a cclITacy of the towing tests j.s overbalanced by 
the advantages to the extent that in the to,vinJ te'st the actual 
state of the fresh air, especially regarding tu:rbulence, denSity, 
humidity, and so forth, ,'ras utilized and that the tempera ture 
condi tions of the combustion chamber -walls occurrinG in actual 
flight and the relative sizes of t he total unit are actl~lly 
realized in the test . 

1. Street To'VTing Tests on Automobile 

up to v = 25 rn/sec 

First it "TaS necessary to check whether in the comparatively 
l arge combustion chambers of the high-tem~erature jet tubes the 
necessarily hiGh discharge temperatures and at the same time the 

necessary a.ischarge d.uct l oads of more than 20,000) 000 kcal/m3h 
were acttilllly obtainable . 

Since, for structural reasons the len0th of the combustion 
chamber ,~af3 not to exceed 4 JD,eters and since ,·Ii th hydrocarbon 
combustion about 850 kcal are convertible per meters3 air of normal 
conditions , fresh-air velocities of the order of speed of f ast 
trucks appear suitable in first approximation . 
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ThUs it ,</as possible to imitate the processes in the cylindrical 
combustion chamber of the flyj.ng jet tube to a. certain deGree tn a 
cylindrical pipe' towed by means of an automooilo . 

Several such t,ovlin13 tests are illustrateo. in the photo[l'aphs 
(fi ss. 18 and 19) . Gasoline vTaS in jected and atomized by conV0W' 
tional spray nozzles near the forviOrd pipe eclc.;e and the gasol:i.ne 
air mixtUl~e if,IlHed by continuous injection of mnall quanti ties of 
zinc dlethyl. 

After a gr-eater number of test runs the com'i,)ustion In the pipe 
~s successfully brought to a silent state and to f~ge a 
o .05-millilneter 8a ~e, freely stretched Pt-Ir' vliTe of 30-percent 
Ir content and 2180~ fusion point 2.20 meters in a pip~ of 
880 -millimeter diameter aft of the fuel injection . ConsiderinG the 
still subotantial heat racliation of the fUSion wire) it may be 
assumecl. that the theoretical combustion tempera tVJ:'e of the g'asoline ­
air mixture of arouno. 2400"K "/88 fairly reachec".. . 

other tests in ,,,hich the gasoline , ·/8 S l)reheated by the com­
bustion flame gases and vaporized or replaceC'. by othel' fuels , such 
as gas . oil, aluminum- gas oil disperSions 01' alu.:min1)Jrt dust resulted 
in ignition and installation difficulties and ','Te:;.~e for the time 
being abandoned . 

But a still larger number of tmnnt3 runs I.'i th complet e jet 
tubes vlere made, as imUcat.ed . n photo@'aph (fj, G' 20 ). In these 
runs tl e pressUl~e in the dischar 'e passaGe ")8.S ca~cefull" measured. 
and the included angle of the diffuser systematically varied, in 
order to find out wI other aneles J'ea-cor thEm 100 could be. used . ." .. 
Since a t . these 10vl runninG speeds and the prescribed orifice 
rat.io F l /F2 the fresh-air velocity v2 can oe approximatel y 
ne glected) the diffuser efficiency can be representee1. by the ratio 
of recorded pressure rise in the diffuser :to the ciyna:m5.c pressure . 

The obtained decrease in diffuser eff:!.ciency D.P2): / q i-lith increasing 

includin3 anGl e is represented in fiGUre 17 and does not let shorter 
diffusers appea_~ suitable. 

2. Flicht Tovlin.::; Tests ,·li th 2!~OO-Rorsepo"Tel' Tube 

on the Do 17 up to v = 100 m/sec 

The jet tube had an inlet section diameter of 200 · meters} a 
100 diffuser included ans le, and a combustion chamber lengl:;h of 
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2 960 millimeters .. lith a diameter of 50Q mHHmeters) hence a rated 
autput 'of about 2L~ob '1or sepo"ler .~ t . v =: 300 metors pe!" 88co11o. .. ' 

Th,e , fue l Vias injected. t hrou{)l several sp:eay nozzles at the 
d.iffuser 'end and at t he tnbe peril')her:,r , -t:.~e j . .::oni tion .. ,,;as effectca. 
by zinc -dieth;r l injection . . 

In the 70 -airplane tm.!irlg t ests af t his 'phase of the tests: 
t he dischar ~"e nozzle end sections F4; ' the number and d1r ect iop 

of the sprays of the injectio.n nozzles J and t he in,jection pressUl'os 
wer e varied. . 

Th e method of suspe118ion of the j e.t ·t·ube on the t o"T.Plane is 
seen from t he photogr.crphs . (fl es ', 21. to 21~ ) ' .. '" 

, It permits the iecord.fn{s of dl~ag and, tlJ.r1..1J3t by r ecordinf, spring 
dynameter within t he airplane fusela ::;!? 

. The excess pressures relative to t he Tefel"enCe yreflsu.:re of tlle 
auts J. de air ' at t he ' start and the en.d, af the cyHn eJrical COJ:loustion 
ch3mber vleTe also recoJ::'ded, . 

The indi victual test G,ener ally l asted more t :1an 300 seconds ; 
the fuel i 'laS suppHed by pressure tanks . 

The tests. ,vere eva l uated as f olloW'F.! : 
. I . ' 

I f c~ denotes the coefficients referl'ed to. dynamic pressure 
and maximmn cross section of the dtffer ence in force. record.eel by 
dynamometer ''''ith and vithout combusti on 'in the t ube cwk. t.he 

res i stance of the cold tube , C'\l1'" the resis-GEmce ' of the hot tube , 

and Cv the propulsion, the d.esi:ced Cv i s eq a1 to 

w1.th c6, and c,\>lk directly IDeas .:rabl e i n fl:lC:ht t est, Vlnj.le c",,'r 
can only be estimated. ... Thus the dynamometer me8 s·U1:'Gments of the 
fli ght t est Si ve for the present only ' c" ~ ci.,rvr the free 
( remainder is missinG from the oriGil al) . 

, 
. The estimation : of .' ·c~T.\j lYJ?Y . pr oceed ;from t he assmnption tha t 

the residual araS of the tube in operat ion is predor,lj.natel y fr ic ·· 
tion~ and then affords, ,'ri th alloi'18nce for the increa sed rowp n ess 



NACA TM No . 1106 

of t he combustion- chamber '\'Iall and the friction po~ction of the 
d.ischarc;e c;ases uithin the tube, a value of CWiTI':J 0 .2 . 
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For al1proximatel y incompressible flovT Cv can be determined 

once more from the pressure measurements P2 and. P3 and from the 

FI.ssl1D1ption that w:i.th correct jet, operation PI and P4 are equa l 

to the reference pressure p of the outside a1:1.' : 

1 - F 1 

1 + ]f 1 

1 - F)+ ---
F2 P3 - p _._- - ---

I + F!~ Cl 

F2 

This relation is used approximately also i'Then on improperly 
ClJ.mensioneo. -Gt'.bes the press1.xre of flow in F 1 dH [ers from the 

undisturbed outside pressure, since the el~.,C'or d1..1e to the steep 
pressure rise is ne Gligible j.n a cel'tain ran 'e . 

Various resvJ.ts of these fli Ght tests are represented. in 
table 1. 

( 8) 

Althou~1 the results of the measurements are not very accurate 
and. hence scattered by reason of the improvised. character of the 
tOYTing tests, the fundamental confirmation of t he theoretical results 
is nevertheless apparent and particularly t ile Si.::,l1:J.flcance of 
suitable mixttu~e preparation for the action of the jet ·tube . 

3. F1i r)lt TowinG Tests ilith 20,000 -Rorsepower Tube 

on the Do 217 E-2 u to v = 200 m/sec 

The employed jet tube had a 600-millimeter-entrance section 
diameter, a 100 diffuser openin'3 angle, and a ~·OOO-millimeter com­
bustion chamber lenGth by 1500-millimeter-diameter, hence a 
nominal output of arolUld 20 ,000 hOrSepOi-Ter at v = 300 meters per 
second. 

The fuel i·18S injected throuG1 60 to 120 spray nozzles a t the 
diffuser en.d at ~. to 11 atms . The injection nozzles 1fere seated on 
the rinG and cross vis:Lble in fiGUre 26 and faced in f liGht direc­
tion, hence injected aGainst the incoming fresh air . 
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The suspension system of t he tube is s een :from t he photoGraphs 
( fi gs . 25 and 26 ) . A streamlined strnt Cl'osovr.i. s e t hroU@l the dU·· 
fuser at about h To- thirds d.iff'user depth served f o:c attecbment . 
F igUl'es 27 to 2 9 show the experimenta l carri'er ",i th jet t'llbe in 
fU gh't . 

The tests had the purpose of rec ording thn.1.s t and fuel c on ­
sllJllption at sIleeo.s ranninc fr om 100 to 200 mete:;,' s per second. and. 
of observi nG the fuel consu.mption in these cono.itions . 

The fue l )"aD forced. i'r ol.Jl a pressure tank of 700 - J.i tel' cepaci ty 
into t~1e combustJ o;:J. chamber by means of nH:;.'oeen . 

DurinG t he t ests the exces s pressures over t he r efeL'ence pres ­
s\.'X'e of t he outaia.e a ir wer e in0.ica ted i ::1 t he cross sections F l , 

F2 , and. F3 b~r rr.ancmeter i n the cabin of the test carrier and. 

r ecord.ed l)y a :robot camera . 

Since t 1e t est carrier with mOl'Ilted tube and j.ts own. motive 
power reaches onl y a hor:i.zonte l .speed of ar01.1Yld 90 meter G ])"'1' second. 
and afGer s t arting t! e .combw:rt.l.on up to al)ou:G 120 meters per s e cond, 
the higher flyinG sl)eeds ~7er'3 ol)t ai.ne(l by sliGht l y pushine; the 
machine out of h:i.[:,h6r f l yin3 l evel. 

Thus in a c cel erated t::;lidj.ng fli ght t he speed ran'::;8s bet",ecn 
100 and. . 200 met~rs :per secono_ . 

·By reason of the constant sasoli'le i'eed the excess of fuel 
decr ea ses with i ncreas_ng fly in3 sJ..) eed) so that each f light gives 
a serios of measu.r0me).lts at different v and. IlJ. . 

Tabl e II contains the dat a of some of t he most info:rmaUve t es t 
flights; the most .i mport ant (l uanti ·U.es 8::.'e rep!'es ented by circles 
and quantities d rived t herei'ro J1 b;;- l ines . 'Ilhey coni'irm t he results 
of t he theoretica l ca lc1)~c.rtions and of t he ' test fli cJrbs yli th the 
2 400 ··hors op 01·rer tul)e . 

Up t o the llie}.lest record.ed speeds of 197 met el's per second 
t he combustion i 'l3. S E'u'ost antielly <lui eter than 1d.th t he small tubes 
and remalned. safely in the c11amoer f'o:;,~ all fuel add.it j.ons . 

The diffuser effi.ciencies for combustion with stoichiometric 
( m = 1) or exc0ssi ve ( m :> 1) : fue l a deli tiona are in part ver y high 
in HP.i te of the· orO.ill-3rily -Coo 1m·T. injection pressures, ~md mani-fest 
a grovlinG tendency vi t h the in j Qctj.on press1.1.res . 
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Ne.T, compared to table X~ a;re the measurements vTi th insuffi­
ciency of fuel (m < 1) and. '\..1Jlchanc;ed cross-section dimensions 
~-rhich at the flying speed.s t;l;mploye.d give, on the whole , favoral11e 
cv-values. The air intlov vo;Lume pel" second was throu@lOut ass·.lmed 

at Plvl!l' 

At the highest flyin.:; speeds m had -bo be kept m < 1, since 
the nose-heavy moment o.Tine; to the tube thru.st (01)~d in the tmd not 
be balanced any longer by the horizontal tail su.::cfaces and the 
experimental carrier became 1l..l1stable, - IJ.ccordin r

.' to the pilot ' s 
report. OtherWise, no special phenomena werG 00served . 

The outside t emperatures of the combusti on-chamber jaclcet 
estimated by means of heat-susceptible paint rane;ed beloiV 6000e 
at the low speeds, lower still at the hisher speeds, and in the 
latter ca se well ,-.'i thstood by normal carbon steels. 

The sliGhtly incomplete combustion evidenced by the luminous 
exhaust flame and computed from the ra'bio of the theoretical to 
the recorded (P2 - P3) i·Till have to be lmproveo. by further refined 

mixtUJ.~e preparation, where the preheating and vaporization of the 
fuel by its ' own combustion-chamber heat, after spl:ltting the reg.uired 
total length of vaporizer tube in a larc,er numbor of . short vaporizer 
tubes arranGed in paralled, a cts very favorable . 

.. ~ . . Flil3ht Tests i',ri t h Special Airplane structu:ce 

. up to v = 300 m/sec 

The need of this fo~h experimental phase, not yet cal~ried. 
through, results from the fact that the present airpl ane structures 
in subseq,uent combination with l ar ge j e t tuhes.: call not be accelerated 
to the required terminal veloci t:' of 300 meters per second for 
strength reasons, whereas the testinB of je,t tubes in the speed 
rano;e of from 200 to 300 meters per second, ' that is , 'l-uthin ranee 
of its su sequent application, .is inevitable . 

This testins can be accomplished vitI; the jet unn mounted. in . 
a special struoture such as illustrated in fi.3;ure .30 . 

This experimental machine can then be t Oi-red 'by tov1piane to a. 
fe'\o1 thousand meters heiGht vThere it r eceives the r eq,uired. flying -.' 
speed by divin '7 j.n order to put the j et t.mit in operation vrith 
sufflcient thrust. 
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In this experimental phase thrust an(l,}?ropulsive efficiency 
at the desired speeds can be obtained by pressUl4 e measurements. 
At the same time the most immediately interestinG performances, 
such as maxim'lun speed, rate of climb, and, if a pressure-tiGht 
cabin is used, the ceiling, can be determined. 

This project is under way. , 

C. RANGE OF APPLIGATION 

1; Fundamental Possibilities of Application 

The range of application of hi tSh -tempeTatt.u:'e ' jet tubes is 
largely defined by the ti-10 facts that its optimu,m operation is 
developed a 11 ttle belm., the velocity of sound, that is, at speeds 
aimed at, at present, particularly by airplanes" gliding bombs, 
air torpedos, armor piercin3 bombs, and so forth ; and that ,the 
thrust-cross section loading of the jet tubes cloes not exceeo_ 
3000 kilograms per meter2. ' 

Another restrictive factor is that t he experiments reported 
here refer to combustion chambers of considerable cross-secti onal 
dimenSions , as is necessary for the application as airplane pro ­
pulsion unit and that the conclusions ar e not directly applicable 
to small cross sections, such as of the caliber df artillery shells. 

The acceleration of a bomb dropping vertically can, as long 
as the air resistanc~ is small, be raised by the r.a~io (lying near 
unity) of the cross-section loadins s of thrust and i:Tei ght, that 
is, by about one gravitational acceleration. So the speed.s of 
impact from equal heights of drop increase by 25 percent at the 
most. An acceleration of vertically ascend.inG mi,ssiles is possible 
only when the smn ' of the cross-section 108cls of weiGht and air 
resistance can be kept below abo~t JOOO kilo~a~'3 per meter2. The 
propulsion of horizontally fJ..yln13 missiles, such as liding bom'bs, 
resembl es the a irplane propulSion unit treated suJ)sequentiy, and 
is ivell possible with jet tubes. 

I n' the aero-mechanical investigation 'following in this connec­
tion diffuser efficiency and combustion-chamber efficiency Ivere 
assmned at unity, since the values actually departing f rom unity 
are of seconClary effect on the time of ascent , 'l-1he1"ea8 dm"ation of 
flight and lenGth of ' flight decrease in proportion to the product 
of the two effiCiencies, for example, eirO}? to about 60 percent of 
the cited values at ~diff = 0.86, ~ b t ' = 0 ·70 . user com us lon chamber 
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2 . Fisht ers and Combat Airpl anes at LOi'T Al titude 

The most ,promising .l'ance of' application for the high-temperature 
jet -tubes is t he i r USe as short -period prol)ulsion l1.ni ts of air­
planes . A 10:,;5. cal eJ::ample i s the airplan e represented in fi s u;re 30 . 
rrhe jet tube of 2500':milli lleter maximum diamat 'er , the fundament a l 
form of I"hi ch is already ShOvffi in fi 5ure 1; forms t he fus'eI8 ge of 
the jet fi;':,.L'1ter, with 8 cal)in for the crel'1 ano. t_le fuel tank, "\dth 
tElil boom for hOl"i zontal and vertical control surfaces set on top , 
wl~j:le tho landin13 gear and eventua ll;)1 a lso the wing st:i.'ucture are 
atteched at the 10"18r side of the fus elaGe . If l andinLS s l):ids ,are 
preferred] the "Ting structure can 'be mounted t:1, michdng arrange-
ment and continued through the free ciffuser space . The double-
1"31J. liGht metel shell cteai@1 of the diffuser forms the construc-
ti ve 1,)acl'::bone of the f i cJltel', \Ihile combus tiOl chamber and discharge 
nozzle of t he jet tube de s :i. rned as thin s l'1eet - steel shells because 
of their hi01 t.emper atures keep cd.stance from the other structlll'a l 
parts.. The necessary adjUsta ~)ili ty of t he dischar ge nozzle end 
cross section can, ·for e::~ample) -be s ecrcred in such a. Ylay that the 
circular section F 3 to"\ ia:r..cl ]'L:. €:.::ce. clu.a ll:~ merGos in a rectanGular 

or Bq,uare section; "There t he upri;:;.ht, f 1a G end sUl'Iaces are desic;n.ed 
as flaps "'hich can 'be adjusted by the tailplan~ by means of spindles . 

1-lith an estimated struct~al vrei r,ht 01 34 0 kiloc;cams and e. 
gros s lTe i erht of 6000 kilo£..<T&JlliJ ) 'l>7ith 2)+00 -kilor-;ram fue l supply , 
the \"hole airplane ha s no Lloving parts, but :::-epTeo8nts a pm'e 
shell aesien, when discount ing the few' auxiliaries for landinc­
E,ear operation} cabin air system, fuel j.njection, nozzle and f 13p 
sett i:J.G, and so forth . The f uel is to !Je slJ.p:!?li ed. by a centrifui5al 
pump 'Vihich, like the other auxiliaries, is act1.'lated by an i mlleller 
mounted in ha l f diffuser depth . 

For take"off two rockets of conventiona l type at both sides 

of the fusela de with l~ -ton thr1..'.Bt each fOT 30 seconds ancl of 
c;. 

700 -ki l oSt"am t ota l weie-h.t are ass1JJlled., makinG the t ake- off weight 
altoget her 6700 kilograms . The take-off rockets could. a lso be 
placed 'VTHhin the tube to minimize the eccen:tl':!.c:i. ty of its thrust 
and. increase its ma gnituo.e at 10,-' f'ly in3 speeds . 

The sta;rting (talm - off) processes, are TepTeaontect in fi eure 31. 

The rolling friction at incipient take-off follo"\vs fT'om the 
6700 kilogr-ams take-off ,,,eieht and an average crovnd friction 
f actor !J. = G .07 at 470 i~j.logral!lB . The air resistance is d~duced 
from -the estimated po1aT (fiG' 31) of the jet fi ght er in operation. 
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The take - off process is follow'ed beyond. the lift-off from the 
~l~ound w? to a flylng speed.of 200 meters per second at sea leveL 
F or t Ile t hen still existing 3J:'oss ,.,ei ght of about 5P.oO kilograms 
t he l ift coef fj.c :Lent is ca = 5&J0/(2500 x ~· , 91) = O , l~73 , which 

accordinG to the pol ar 1s a ssocia ted '''ith a Cl.ra 3 coefficient 
of 0 ', 12 end a ir restst.snc'e of vI = 0.12 x 2500 )( 4 . ' 1 = 14'75 
ktlo2,Tsms . 

Beh,Teen thes e t 'Ho (traG values an approxiruate l y l inear r e s:L s·tance 
cur've is assumed , 

Tho thrust of the t a lee - off rockets i s chosen constEln·t at 
3 tons for 30 seconds : the thrust· of the j et tube ilith ' ,'D.de open 
nozzle sett ing is o.erived :from cv ' = 0 , 55 , 

FrOl l1. the thus Imo'ID propulsion and r esistance f orces and tho 
variabl e C).' os s v;e i ;;ht the prory~es s 1v0 a cceler ation, t:i.me and path 
vrl th res:pect t o speed can 'be comput ec1. l,lnd I l otteo . . 

Thes e t hr ee , curves , the solid. 1111e6 i n fic,"lre 31, indicate 
that the t 8.ke - off a cceler at i on r eaC110S maxi mum 'v'alt~es up t o 

10 metel~s per s econd.2 8:2d tha t the f ull f l y i nG speed. of 720 kilome-ber s 
pel' hen:r;r is r eael ed. afte:i" about ' 38 s econcls and a distance of around 
31i·CO meter s . 

'Hi t h a lift - off speed, est imateo. a t 70 met er s pOl' second the 

j et f l ehter lif t s off af ter about 17~ seconds a11c1 650 -met er rolling 

dis t ance . 

Fi g-tn"e 31 f u r t hor ShOl'lS the speciflc f ue l consumption and the 
c u've of the variabl e geoss ,·rel 'It ' comput ed frOiu , t hj. s consumption 
and t he t a lce-'off rocket consumption est j.matecl a t 15 leilograms pel' 
s econd, which l)egtns at 6700 ;leilogram tako- off "re i (,5ht and ends a t 
about 5200 kilocr 8ms , so that t he j et f i ght er , after r eachIng 
its f ull flyi n(s speed. and ,,,ith ' mUJlerica l values of figure 30 , still 
has a suppl y of 2200 ki l ogra1l1s of {38s oline on hano. , 

Wt-bh tl is hypothet i ca l (3a soline su pl y t yro extr eme ca ses are 
briefly treat ed : namely, a f light i n vi cinit y of t he ground up to 
l andillG, and. an a scent nt o the s t r a tosphere . 

I f the f light near sea l evel is to be made with 101'; angl es of 
attack a t 720 kilomet er s per ilSn:r.y spee -, 3':'uel i njection and . 
dis char ge nozzle can be -bhrot t l ed unt il t he thr us t of the j et tube 
1s eq,ua l t o the air r es istance estima t ed to aver a::-;e 1340 lci l ogt.am8, 
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The prop1.~lsi ve efficiency required Cv = p Iq]' 2 = 1340 /( 2500 x 4·. 91) ::::: ° .l~ . 

is, according to fiG'l1Te 3, alreaCly obta in ble at l ou discharge tempera - . 
tures of less than 600'1::, tenee, a ccor din:3 to fi gu.re, obtainable ,rith 
a fuel consumption of about 0 . 97 kilogJ:am per second . Thus with 
the avai l able f UJI suppl y of 2200 kilograms the fighter can, near ' 
sea level, fly aD a combat plane for 2200 /1. 3 = 1690 seconds at 
720 ki lometers per henry) or i3 distance of 338 kilometers. '1'h8 
length of the d.istallce decreases iri:t,h high.er flyin3 speed) becm~~e ' 
in the employed 10'VTel' pol al' r an Ge the air resistance on .. approaching' 
sonic velocit.;T increases by a littl e more t han the sCluare of the 
speed of fliGht and 't he required dischar ge terp.peratureR r1se . vJi th 
t he jet t ube throttled to l!. ton thrust the flying speed_ near se.;} 
l evel raa chas aro1.md 1100 'kilomot ers per henr,v) . that i s, for 
7 30 seconds; and for a distance of 222 kilometers. In other vTords, 
t he fiJhter can operate over a renge of more than 100 kilomet ers at 
speeds betueen 720 <lnd 1100 kilometers 1J8r henry ,·lith a l oad of 
1000 kilo@'ams in bombs 0:(' other armamen.t. 'l'he potenUal applica­
t ion is of certa:ln tactical siQlificance aG8inst land and sea 
t ar gete a s cOlJlba t plr.me, for exampl e, mv'illC to the penetrating 
for ce of dJ.~oPJ)ed missiles connected with the 11i311 flying speed, and 
on account of the element of surprise res ultinc, from the absence of 
l oud. airplnne no~.se8 . 

3. Fighter or Bomber a t HiGh Altitude 

The second" extreme ca",e of application involves.') take-off with 
irr.mea.iately follo,ring climb to the ceilinG of the f~" s:. ter . For the 
climb it is assu2:1ed that the fi3hter first clim!}8 ,·,ri th constant 
dynamic pressure up to a flyinD speed of 0 . 9 times sonic velocity 
,dth small anCsles of attack, ellld d.urinS the fu.rther ascent at the 
r es:pectiv.e :!1.e~.Ght of 0 . 9 times sonic velocHy rerrzins a oye 
11, uOO -meter altitude, that is, a t v == 265 lJleters per second . 

Tho ascendL e, condHions of the jet nc).lter illustrated in 
figure 32 vTere obtained bJ progressive path cal r;"v.lat i Ol , the respec ­
tive path anel o fol lovTS from the sum of the forces on the airplane 
in 10n3itudinal direction of the path . 

Mathematicall y, the theoretical ceilLl1~ is ar01md 21, 000 meter .s, 
put at the :j.mT a"usolut e air pressures existinc; at tLat l evel the 
c ombustion .in the j et tube should. have some cliffic111ties, so that, 
for the first, a ceilins n t above 20,000 meters should not be 
expected, even' vTi th 1m VTtLG 108din.:; . Thus J ,·,h(m the jet fighter 
incl usi ve of talce-of:' time of 40 seconds rea ches fli ght l evels of 
6000 meters :~i1 . 70 ,seconds, ;1..2 ,000 meters in 100 seconds, and 

L_~ 

I t·. 
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18, 000 met ers 'i'n about 190 seconds , it may be said t o have supremacy 
of this heiGht range, utilized by combat pl anes and. onl y partially 
protect eel by convential fi Ghter planes and flak artillery . The 
theoretical fuel const~ption for the actual climb to 12 , 000 meters, 
that j.s , "ii thout take-off ) is 505 kilograms . Calculations "Tere 
also ma.de 'I.;i t h smal l er via .and. d21 and the actual time of 

ascent to 12,000 meters, along "lith the r espective fuel cons'Lunp ­
tions compiled in fi gure 32(a) . The aclrllissibility of lower Mach 
number to vi a = 0.7 for the ascent is readily seen . 

Another interesting point i s the length of time the jet fight er 
can remain at a r e'luired fli ght altitude ane. the horizonta l distance 
it can cover '\vith the remain.ing fuel supply . At 12,000 met ers, for 
example, the remaining gross wei@lt is, according to figure 32, 
5295 lcilo{9:'ams, hence the fuel supply 1695 kilogt'ams; the a.verage 
lift coefficient re'luired for level. fli ght is 

and the air resistance by the via = 0 .. 9 polars of fi gure 31 
about Cw = Cv = 0 .17, hence the thrust re'luired is P = 932 

kilograms . Thls thrust is obtainable by the approximate equation 

with the stagna tion te~2erature T3= 590~ and - conformably to 

the relation J3 = Q. >< 103/PH - vTith a specific fuel consumption 
J3 = O. 551~ kilogram per second . The air resistance therefore 
re'luires a gasoline consumption of 0 . 516 kilo£x am per second; tbat 
is, the remaining supply lasts for 1695/0 .516 = 32 80 seconds, or 
for just 1 hour and a distance of 3280 x 0 .2655 = tqo kilometers . 
The duration and ·distance in horizontal fli cillt at different Mach 
numbers and for different f li3ht levels as CO~Futed by tbis method 
are represented in figure 33 . The path lenGt hs of the maximum 
value computed f or sea l evel to 370 l<::ilometers increasemonoton.ic 
with the altitude, ano. reach a ma.xj.mum of over 1100 kilometers at 
1800 meters . A note'l'Torthy fact is that the sreatest path lenc;ths 
at lower levels are reached vr.i.th lowerflyins s:peeds J but in the 
hi gh flying levels 'loTi th the greatest speeds " fo:)." in high flying 
levels the favorable effect of the absolute air res~stances, low 
at low flying speed.s, is vitiated by the h.i 2f1 propulSion coeffi ­
clents required and consequently high dischar.3e temperatures and 
fuel consumptions . The absolute increase in the path length ioTi th 

I 
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the altitude of flight is d,ue chiefly to the favorable ·lift-drac; 
ratios l'1hich are utili zed at higher fli ght l evels . Employed for 
antiaircraft defease a maximum endurance in horizontal f light is, 

. under certa in circumstances, more important than a max:imulil path 
lene,th . According to fi gure 33 the endurance also increases, at 
first, ivith the altitude of flight, rea ches a maximum of oY~r . 
41300 seconds at lLI.,OOO-met er height} and then decreases a : little'. 

29 

For, if the airplane at a certa in altitude flies just s·o f~st . that 
its pola=r at ·a certain point belo'i~ that of opt:i,mum lift-drag r atio 
is utilized, the maximum range is reached. :L'his point is deterlllined 
by the fac t that at it the fuel conSumption per .kilometer of gross 
weight a nd, ill f.light path, , that is~ the· expre/?sion ci.rfCa(c,l2!~Fl + 1) 
becomes smallest. 

Naturally, the airplane flies 10n3er ·wi th still a little 10'\ver 
speed. The flyinG speeds most favorable for durati on of fli~lt 
are therefore 10i-Ter, as a rule . Figure. indicates the important 
practical fact that the maximum range and endwance of fighters in 
the :LO ,OOO to 12)OOO-meter alt·:i;t.ude range are obtained with. v!a=0.7, 
hence vTith aerodynamically safely controllable ' flying speeds , This 
short take-off and climb to any altitude up to 18,000 meters tOGether 
"I·lith horizontal flight paths over 1100 kilometers and d,urations up 
to more than 1!·200 se.conds at speeds up to 1000 lcilometers per honry 
makes the · jet fiGhter an excellent weapon against bom.bardraent planes 

. i~ th~ 8000 t o l8,OOO-meter height range . 

Another potential 'use is as combat plane in fast, 10r1, level 
flight over distances. of up to 100 kilometers , 'and especia l l y for 
combat-dive bombing up to distances of nearly 500 kilometers . 

. Used as fighter-bomber the rapid climb to ceiling level is not 
necessary . Therefore figure 34 Sho\-TS a fli@1t path 1v1th only 
120 angle of ascent l6-kilometer ceill B, "1hich at 1230~kilometer 
total lens-th has about the same range as 'a corresponding path with 
steep ascent. iill in~ Mal gross imi C:ht of 6000 kilogranis and a. 
useful load of 1000 kilograms for 2400 -1):ilogram fuel load serve as basis . 
Estimating the practical depth of penetration of the fighter in 
enemy territory at only 35 percent of the f li@1t l ength, it gives 
a safe depth of penetration of 430 kilometers, which in conjunction 
ivi th a 950 -kilometer per henry flying s:.?eed at 16 kilomet ers a1ti ~ 
tude appears tactically. ver y valuab.1e. Aside from the actual fli e.:ht 
path, fi G,'lll'e 34 gives the most important da ta , such as absolute 
and . specific fuel cqnsumption, thrust, thrust hOr8ep01-Ter, . discharge 
temperature, flying speed, duration of fli ght, and gross vrei e;ht, 
a lso a dia gram ·of the airJ>l ane ,v1th l1ei Ght distribution Dnd a 
polar of .the air forces referred to the aerodynamic supporting 
surface of 30 meters2. 
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The fact that t he ap:l?J.ication as a ho:r'izontal bomber necessitates 
considerably less thrust t han vlhen · used ao a fi j1t er by re£. son of 
t he a bsence of the steep climb mi ght sUGgest a speclal jet bomber.· 
vr.i.th vleaker j et t ubA . FiGures 35 ane1 36 ther efore shmv for t he sam.e 
ini t j.al {;Toss ivei ght of 6000 ki l ocrams, t he same useful load of 
1000 Idlogcanis and the same a eroclynamic ' su]?pOrbj.llg surface of 
30 meters2 of two j et -engine a irplanes ,.r:t th j et t u:;)es of 2 meters 
and 1.5-meter diameter, a l ong "lith the corre pomUhg '~heore t:L ca l 
flight paths, t he pola):' of f i gu:ce 34 be.inc used in both caseS on 
the .as s1)J]lption t hat the decrease in air r esistance c.ue to the 
reduced surfaces would appro::cimatel y cancel t he' necessar:i.ly mor a 
unfavorabl e d.esign in the ar ea of the cabin. The fliGht l-ene;'ths 
decrease substantially i.r.t t h t he thiclmess of the jot tu.bes , since 
the shorter tV.bes mus t , in order to reach t.he ':required tracti on 
for ces, f l y ,·lit h h i gher tel1T.fleratUl~e s, hence) Im'Tel' effi c iency ; tJ e 
medium t ube eives a. lenet h of only 1120 k:i.J.ometers , the slTla11 tube 
of only 7 20 lcilometers ; correspondinG to depths 01 penetration of 
only 390 kilometers and 270 kHometers} respoctivel y . 

The airplane ar rangement r eco.mmended as G fj. c,llter 'if tb . 8 j et 
tube of 2500 -m:i.llimeter diameteI' i s therefore the best faT t he 
bombor a lso. 

It is characteri st i c of this tube in both sphere.s of applica ­
tion that the l1linim1)J]l flyi ng speed fl~OL1 i'Thich the air pl a.ne Is abl e 
to a cceler ate to h i gher s peeds again vri th t he j e.t tube a l one amou.nts 
t o about 430 lcilometers per he11.ry for full load at 12 kil .meter s 
aUi tude and decreases "r.i.th decreasin ~ load and hei.Jl'l:; unt il it is 
nearly equa l to the l.andi n e; sIleeo. vlH;jl tho empt :' a:Lrplnne i n ground 
vicinity} a s indicated :1.n i'i c,ure 31. 

The study of a diaGT'aDl of t ile t hrust and d:ca s i·r.i.th r espect to 
the f l y in3 speed indicates t hat t he j et fi chter exhibHs a pro­
pulsive j,ns tability similar to that of the conventional propeller 

, . airplane i n ' 81m·, fli ght 'vhich must be compensat eo. b-r careful Gas 
l ever operation or an auto atj. c · thxv.Bt re f~'1,11ator . 

CONCLUSION 

The continuous compres sorless LorIn jot"prop1"l..lsion unit vli th 
cylindri cal combustion chamber and hi gh iischar:;e temperatures ' . 
makes it possibl e, at f l ying speeds s l :':' ;-:;htl y bel oi'T the velocity of 
sound, to obta in t hr 'ust horsepcmers of the or der of ma .c;..nituele of 
five-place hor8epo'ver fi gures a t effici encies 'of 0~1e -thircl to 
one -half of the total efficiencles of conventional propeller pro­
pulsl. on units . 

----~--~~---- ---.~~-
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The theoretical c011siderations are confirmecl ·])3r to\v1ng t ests 
011 existinG airplanes ,lith units of more t han haJ.f natural si ze a t 
flying speeds up to 200 meters per second) ",hile correspond.ing 
fli ght tests at speeo.s up to 300 meters per second ,·Ii th special 
airplane structures are in preparation. 

With this jet-propulsion unit very simply constructec fighters 
can be desi C<]1od, which according to tho data avni1able can climb 
to nearly 18, 000 meters altitude within 3 minutes and remsin up to 
an hom' at those levels "Thi.1e cover:tnG a hor :i.zontal distance up to 
1000 kilometer£). 

The apparently obtainable flyine s eed.s He at 1100 ki l ometers 
per hem'Y at sea level and a t 950 kilometers per henry in the 
stratosphe:.'e . 

Such a irplanes are ready to use on lm'r-a ttack missions for 
d:i.stanccs up to 100 kilometers , f or le-"e1 and dive-bombing missions 
from h:i.@l a ltitudes for distances up to 500 kilometers ane. an 
fi gb:ber3 i n t he strai~osphGre for up to one hOlT duration . 

Translation by J. Vanier 
National Ad.visor~T Committee 
for Aeronautics 



No. Altitude Speed 
test Da tt! (WI) (m/sec) 

41 27.5.42 500 80.2 

43 3 .6.42 1950 8R.2 

44 3.6.12 1200 lj6.3 

45 4 .6 .42 1900 82.6 

48 4.6.42 :n00 86.9 

49 6.6.42 550 81.0 

1--
50 6.6.42 ~."} B2.9 

51 6.6.12 por:." 82.9 

112 6.6.42 1200 86.3 

53 8.6.42 1000 84.3 

55 8.6.-12 1000 112.b 

56 8.6.42 1000 86.4 

57 8.6.42 1000 80.7 

58 9.6.42 1500 83.8 

59 9.6.42 1300 84.0 

61 11.6.42 ·!(-IJ 81.6 - - -
62 11.6.42 ... iJl.o 8G.8 

63 11.6.42 ~Ot ... 86.5 

tI4 il.6.42 2000 87.5 

65 11 •• 1.42 2000 8'5.3 

66 11.6.42 2000 87.5 
I--

67 2.6.42 1000 84.1 

68 12.6.42 12(1) 85.5 

69 12.6.42 1200 83.5 

70 12.6.4:) 100 78.5 
l 

TABLE I 

FLIGHT TOWING TESTS WIlli HIGH-TEIVIPERATURE LORIN JET TUBES 

(F1 = 0.0314m2; F2 F3 = 0.20m2; 

Measured Injection Direction of Fuel 6p:!q Injection fuel Fuel nozzles pressure injection volume rae tor H <9 in 111111) (flight duration) (kg/sec) m (-) 

6/11. 611; 1~ .7 13 0.225 1.16 0.66 

6.01 .60; 1,.12 .7 11 '; 0.220 1.19 0.66 ----
l~i.65; 11'2.7 11 0.223 1.20 0.66 

7)11.60 10 
A 
~ 0.181 1.04 0.72 

7!11.6li 32 0.21~ 1.19 0.80 
C? '--.s -- t.6,"'i 3~ 0.235 1.20 0.71 
~ r-- --_. -.-
'" 7jf1.00 32 l 0.232 1.20 0.73 ... 

'" 
... 

6jl'1.65;1~.7 .; 11 0.186 0.96 0.64 

~ 6jl'1.65.1.oo.7 14 0.213 1.09 0.68 

i 6~.65; 1ff2.7 15 0.222 1.111 0.70 
'" " 
S 7j'/1.65 0.77 <r 36 0.257 1.35 .. 
= 

'4 

~ 6jl'1.65; Iff2 .7 16 ~ 0.249 1.25 0.68 

'" c 
!l 7/1'1.65 36 0.263 1.41 0.81 
u 

12ih.6~ \ 0 7-1/4 0.215 1.17 0.73 
..c 
" 12ff1.65 7-1/4 1.1~. 0.73 .... 0.216 • 
'" 14j'/1.65 22 0.232 1.17 0.75 .;; 
~ 

14/11 .65 0 

~ 
22 0.214 1.20 0.71 

'" 7j!'1.65 34 0.270 1.50 0.86 

71/1.6:1 34 + 
± 0.2M 1.39 0.86 

7ff1.65 34 0.252 1.42 .0.83 

7Jjl.t1!5 34 0.249 1.36 0.83 

a~!O 1-W1.65 8 0.206 1.06 0.75 

·5· 141l"1.6~ 12 0.245 1.27 10.81 "u~ 
~ 0 f 

~:.! 4 0.226 1.19 0.67 ... _---
lIeth-

14j!'1.65 36 0.50 1.08 0.85 anol 

F4 = 0.129m2; 

cv=cww::. 
6 p :/q "6" c wk 6 

!6/q2 c6-cWk 
(-) (kg) (-) (-) (-) 

0.21 52.7 0.69 0.24 

0.23 51.2 0.65 0.20 

0.231 51.0 0.63 0.18 

0.25 112.3 0.77 0.32 

0.27 57.6 0.76 0.31 

0.29 60.3 0.78 0.33 

0.29 60.8 0.75 0.30 

0.26 111.2 0.66 0.21 

0.27 54 .4 0.71 0.26 

0.29 58 .! 0.72 0.27 

0.28 62.~ 0.81 
10 

0.36 ~ 
0 , 

0.32 62.0 0.73 ~ 0.28 .. .. 
60.~ 0.81 '" 0.27 ~ 0.36 

0.29 56.!. 0.74 0.29 

0.29 53. 0.67 0.22 

0.22 57. 0.71 0.26 

0.22 155·1 0.73 0.26 

0.31 !s3.8 0.83 0.38 
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_ Direction of flight 

fo---------- 1~59m _ _ ____ discharge nozzle - - ..; 

fo--- - - Diffuser b;S9m J Combustion 4(JOm+ 3,OOm-1 chamber . 1 

~ I i o ~ 
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FI Cross sections in (m2) 
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TI Temperature in oK 
VI Flow velocities in (m/ s) 

PI Density in (Kgsec2/ m4) 
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Figure 1.- Jet tube of 2. 5m diameter at flight near sea level with 
sto ichiometric gasoline consumption and 1100 Km/h (v /a = 0.9) 
flying speed. (Thrust: 16.4 tons, thrust coefficient: Cv = 0.57; 
gasoline consumption: 1.19 Kg/sec t; efficiency: 5.7%; thrust 
horsepower: 67,000 hp. ) 
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T1 = 216.5 K (stratosphere) 
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Figure 6.- Maximum thrust per 

m2 of maximum cross-sectional 

area P/F 2 (t/m2) and the re­

spective fuel consumption 
B (Kg/sect) for stoichiometric 
hydrocarbon combustion. 
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Figure 7.- Maximum thrust horse­

power per m2 of maximum cross­

sectional area L/F2 (HP/m 2 ) 

and the respective efficiency 
n for stoichiometric hydro­
carbon combustion. 
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B (Kg/sec) ) plotted against ratio Fl/ F2 for via = 0 . 3 

and stoichiometric oc tane-air co mbustion at 0 . 4 and 1 2 Km 
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Figure 11.- Phase quantities ~p/q, T and v in the four maximum 
cross sections F l , F 2 , F3 , and F4 of a jet tube with the 

dimensions FI/F2 = 0.16 plotted against the flying speed 

via at 0 Km flight level and with respect to the fuel volume 
factor m. 
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Figure 16. Coefficients cv ' excess pressures /:}. P2/ Q and /:}. p.y q 
at 12 Km altitude for a jet tube with tbe dimensions Fl /F2=O . 16 
for various hydrocarbon- air mixtures plotted against the c rosS­
section ratio F1/ F4 • 
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Figure 18.- Road towing test with Lorin combustion chamber 
for studying the injection and combustion processes. 
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Figure 19.- Road towing test with Lorin combustion chamber of 
800-mm diameter and 2400 0 K discharge temperature for studying 
the injection and combustion processes. 
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Figure 20.- Road towing test with high-temperature jet tube for measuring the 
diffuser efficiencies. 

~ 
o 
~ 

r-j 

~ 

~ 
........ 
........ 
o 
rn 

CJ1 
W 



1 

Page I ntentionally Left Blank 



N
A

C
A

 
T

M
 N

o. 
11

06 

L 

o 
Q

 s:: o p.. 
..c: I 
o o ~ 
C

\l 

..-i 

C
\l 55 



Page I ntentionally Left Blank 

__ J 



-
-

-
-
-
-
-
-
-
-
~

-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
 
-
-
-
~
.
-
-
-

N
A

C
A

 T
M

 N
o. 

1106 

J:: 
o 

P
. 

..G
 I 

o o ~ 
C

\l 

. C
\l 

C
\l 

57 

I 

J 



Page I ntentionally Left Blank 



N
A

C
A

 
T

M
 N

o. 
1106 

-
0

 
r
l 

o (
)
 

o 
o 59 

Q
) 

..c 
+> ~
 

o 

+> 
Q

) 
o

r-, 



Page Intentionally Left Blank 



N
A

C
A

 
T

M
 N

o. 
1106 

u Q
) 

en 
"
-E
 

1
0

 
co 1/ ::-.c 
~
 

.-4 
~
 

Q
) 

.D
 

::I 
~
 

Q
) 

s.... 
::I 
b

e 
.-4 
ex.. 

61 



Page I ntentionally Left Blank 



"---"--- ----" ------

Figure 25.- Side view of 20,OOO-hp jet tube mounted on the Do. 217E2 as 
test carrier. 
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Figure 26.- Interior view showing injection cross from rear. 
20,OOO-hp jet tube mounted on Do. 217E2. 



Page I ntentionally Left Blank 



N
A

C
A

 
T

M
 N

o. 
1106 

o 
o s::: 
o j;l. 

..c: I 
o o o o C

\l 

67 



Page Intentionally Left Blank 



L 

--- - -- ~--" ". -- "" - "---~ -----

Figure 28.- 20.000-h~ jet tube on the Do 217E7 with v - 130 m/sec 
in operation. 
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Figure 29:- 20,OOO-hp jet tube on the Do 217E7 with v 
in operation. 
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Figure 36. - Flight path of a jet bomber with 20,000-hp jet tube gives at 
1000 Kg useful load and 16 Km altitude about 270 Km depth of 
penetration. 




